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(54) [Title of the Invention] MANUFACTURING METHOD AND SEALING MATERIAL 
OF LIQUID CRYSTAL DISPLAY DEVICE 

(57) [Abstract] 

[Purpose] To provide a manufacturing method of a liquid crystal display device, which can 
5 inject a liquid crystal composition in a short time and can stably mass-produce liquid crystal 
display devices with good display quality, and to provide a sealing material used for such a 
liquid crystal display device. 

[Means] The manufacturing method of the liquid crystal display device includes the step of 
attaching a pair of substrates to each other by applying a sealing material 1 06 in a loop shape 

10 onto one substrate 400M, dropping a liquid crystal composition 500 onto a liquid crystal filled 
region 402 within the loop around which the sealing material 106 is applied, overlaying 
another substrate 600M with the substrate 400M in a vacuum, exposing the pair of substrates 
to atmospheric air so that atmospheric pressure is applied to the substrates until the gap 
between the substrates has a predetermined distance, and curing the sealing material 106. 

15 The solubility of the sealing material 106 in the liquid crystal composition, in the period from 
the application to the curing of the sealing material 106 on the substrate, is less than or equal 
to 100 ppm. 
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[Scope of Claims] 

[Claim 1] A manufacturing method of a liquid crystal display device, characterized by 

comprising the steps of: 

applying a sealing material in a generally frame shape to at least one of a first substrate and a 
5 second substrate; 

dropping a liquid crystal composition onto an interior side of the sealing material that is 
applied in the frame shape; 

overlaying the second substrate with the first substrate; 

pressing the pair of substrates until the gap between the substrates has a predetermined 
10 distance, and injecting a liquid crj'stal composition into the gap; and 
curing the sealing material, 

wherein the solubility of the sealing material in the liquid crystal composition, in the period 
from the application to the curing of the sealing material, is less than or equal to 100 ppm. 
[Claim 2] A sealing material characterized by being used for attaching a first substrate and a 
15 second substrate to each other and used in contact with a liquid crystal composition, wherein 
the solubility of the sealing material in the liquid crystal composition is less than or equal to 
100 ppm. 

[Detailed Description of the Invention] 
[0001] 

20 [Technical Field to which the Invention Pertains] The present invention relates to a sealing 
material for a liquid crystal display device and a manufacturing method of a liquid crystal 
display device. In particular, the invention relates to a manufacturing method of a liquid 
crystal display device, which injects a liquid crystal composition in a short time. 
[0002] 

25 [Prior Art] In recent years, liquid crystal display devices have been used in various fields with 
the utilization of advantageous features such as light weight, thin shape, and low power 
consumption. In particular, a liquid crystal display device, which is composed of a pair of 
electrode substrates and a twisted nematic (TN) liquid crystal composition held between them, 
is in widespread use. 

30 [0003] As a method of providing a liquid crystal composition between a pair of substrates. 
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there is known a vacuum injection method or a one drop filling method, for example. 
[0004J In the vacuum injection method, two glass substrates are attached to each other w^ith a 
sealing material made of an adhesive, and then the sealing material is cured to form a vacant 
liquid crystal cell. At this time, the sealing material is applied to a region excluding a 
5 portion to become a liquid crystal inlet. After that, the vacant liquid crystal cell is put in a 
vacuum chamber, and the internal pressure of the chamber is reduced so that air inside the 
liquid crystal ceil is exhausted. Then, the liquid crystal inlet is immersed in a boat 
containing a liquid crystal composition, and the internal pressure of the vacuum chamber is 
returned to the atmospheric pressure. Accordingly, the liquid crystal composition is 
10 suctioned into the liquid crystal inlet due to a difference in internal pressure between the 
liquid crystal cell and the vacuum chamber. 

[0005] In this vacuum injection method, it takes long time of about seven to ten hours to 
inject a general positive-type liquid crystal composition. Also, the method has problems in 
that it is not suitable for handling small panels and large cell gaps, and in order to inject a 

15 negative-type liqtiid crystal composition such as MVA, more time is required. 

[0006] Meanwhile, the one drop filling method is a method of attaching a pair of substrates to 
each other as disclosed in Japanese Published Patent Application No. S61-260216, which 
includes the steps of applying a sealing material in a frame shape to one substrate, dropping a 
liquid crystal composition onto the interior side of the frame on the substrate, and overlaying 

20 another substrate in a vacuum. In order to forni a desired cell gap between the pair of 
substrates, it is necessary to put the substrates in atmospheric air so that atmospheric pressure 
is applied to the substrates or to press the substrates with a mechanical means. 
[0007] With the one drop filling method, a liquid crystal layer can be formed in a short time 
of about one hour regardless of the panel size, cell gap, or the properties of a liquid crystal 

25 composition used. 
[0008] 

[Problems to be Solved by the Invention] However, the one drop filling method has the 
following problems. That is, since the sealing material before cured is in contact with the 
liquid crystal composition, the components of the sealing material dissolve in the liquid 
30 crystal composition. Accordingly, the liquid crystal composition is contaminated, resulting 



4/13 



JP2002-2 14626 



in display defects. 

[0009] In order to solve the foregoing problems, Japanese Published Patent Applications No. 
H5-265012 and No. H8-190099 and the like propose a method of curing the surface of the 
sealing material that is to be in contact with the liquid crystal composition before the liquid 
5 crystal composition is dropped. In addition, Japanese Published Patent Application No. 
HI 1-1 09388 and the like also propose a method of curing the sealing material before the 
liquid crystal composition has spread to be in contact with the sealing material. 
[0010] However, these methods have problems in that since the sealing material is cured 
before the substrates are pressed to obtain a desired cell gap of a liquid crystal layer, the 
10 sealing material is difficult to be squashed and thus a desired cell gap cannot be obtained. 
Therefore, it is impossible to stably mass-produce liquid crystal display devices with good 
display quality. 

[0011] The invention is made in view of the foregoing problems, and it is an object of the 
invention to provide a manufacturing method of a liquid crystal display device, which can 
15 inject a liquid crystal composition in a short time and can stably mass-produce liquid crystal 
display devices with good display quality, and to provide a sealing material used for such a 
liquid crystal display device. 

[0012] In order to solve the above problems and achieve the object of the invention, the 
manufacturing method of a liquid crystal display device according to claim 1 is characterized 

20 by including the steps of applying a sealing material in a generally frame shape to at least one 
of a first substrate and a second substrate, dropping a Uquid crystal composition onto an 
interior side of the sealing material that is applied in the frame shape, overlaying the second 
substrate with the first substrate, pressing the pair of substrates imtil the gap between the 
substrates has a predetermined distance, injecting a liquid crystal composition into the gap, 

25 and curing the sealing material. In addition, the solubility of the sealing material in the 
liquid crystal composition, in the period fi-om the application to the curing of the sealing 
material, is less than or equal to 1 00 ppm. 

[0013] The sealing material according to claim 2 is characterized by being used for attaching 
a first substrate and a second substrate to each other and used in contact with a liquid crystal 
30 composition. In addition, the solubility of the sealing material in the liquid crystal 
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composition is less than or equal to 100 ppm. 

[0014] 

[Embodiment Mode of the Invention] Hereinafter, an embodiment mode of a manufacturing 
method of a liquid crystal display device of the invention, and a sealing material used for the 
5 liquid crystal display device will be described with reference to the drawings. 

[0015] A liquid crystal display device in accordance with the embodiment mode of the 
invention includes, as illustrated in FIGS. 1 and 2, an array substrate (a first substrate) 100, a 
counter substrate (a second substrate) 200 that is disposed to be opposite the array substrate 
100 with a predetermined distance therebetween, and a liquid crystal display panel (a liquid 

10 crystal cell) 10 that includes a liquid crystal layer 300 containing a liquid crystal composition 
and is held between the array substrate 100 and the counter substrate 100. 
[0016] In such a liquid crystal display panel 10, a display region 102 for displaying images is 
formed in a region surrounded by an exterior sealing member 106 that attaches the array 
substrate 100 and the counter substrate 200 to each other. A peripheral region 104, which 

15 has wirings led from the display region 102, driver circuits, f>ower supply wirings, and the 
like, is formed outside the exterior sealing member 106. 

[0017] The array substrate 101 in the display region 102 includes, as illustrated in FIG. 2, a 
matrix arrangement ofmxn pixel electrodes \5\; m scanning lines Yi to that are formed 
in the row direction of the pixel electrodes 151; « signal lines Xj to X„ that are formed in the 
20 column direction of the pixel electrodes 151; and m x n thin film transistors, namely, pixel 
TFTs 121 that are provided as switching elements corresponding to the m x h pixel electrodes 
151, and disposed in the vicinity of the intersections of the scanning lines Y] to and the 
signal lines Xi to X„. 

[0018] Also, the array substrate 101 in the peripheral region 104 includes a scanning line 
25 driver circuit 18 for driving the scanning lines Yi to Y„ and a signal line driver circuit 19 for 
driving the signal lines Xi to X„. Such a scaiming line driver circuit 18 and signal line driver 

circuit 19 are constructed from complementars' circuits each having an n-channel thin film 
transistor and a p-channel thin film transistor. These thin film transistors are, for example, 
top-gate thin film transistors whose active layers are made of potysilicon thin films. 
30 [0019] As illustrated in FIG. 2, a liquid crystal capacitor CL has a pixel electrode 151, a 
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counter electrode 204, and a liquid crystal layer 300 interposed between the electrodes. In 
addition, an auxiliary capacitor Cs is formed to be electrically parallel with the liquid crystal 
capacitor CL. This auxiliary capacitor Cs has a pair of electrodes that are disposed opposite 
each other with an insulating layer interposed therebetween. That is, the auxiliary capacitor 
5 Cs has an auxiliary capacitor electrode 61 having the same potential as the pixel electrode 1 5 1 
and an auxiliary capacitor line 52 that is set at a predetermined potential. The auxiliary 
capacitor electrode 61 is formed of a polysilicon thin film and is in contact with the pixel 
electrode 151. The auxiliary capacitor line 52 is formed of the same material as the scanning 
line Y that is integrated with a gate electrode 114. 
10 [0020] The array substrate 100 and the counter substrate 200 are attached to each other with 
the sealing material 106 with a predetennined gap formed by columnar spacers (not shown). 
The liquid crystal layer 300 is formed in the predetermined gap that is formed between the 
array substrate 100 and the counter substrate 200. 

[0021] Next, a manufacturing method of this liquid crystal display device will be described. 
15 Described here is a case of forming a plurality of liquid crystal display panels at the same 
time out of a pair of large mother glass substrates. 

[0022] First, a plurality of array substrates 100 is formed on a large glass mother substrate. 
That is, metal films or insulating films are repeatedly deposited and patterned on a mother 
glass substrate with a thickness of 0.7 mm, so that semiconductor layers made of polysilicon 
20 thin films, gate electrodes integrated with scanning lines, gate insulating films, interlayer 
insulating films, signal lines integrated with source electrodes, drain electrodes, passivation 
films, color filter layers, pixel electrodes, columnar spacers, orientation films, and the like are 
sequentially formed. 

[0023] Next, a plurality of counter substrates 200 with a corresponding number to the array 
25 substrates is formed on a large mother glass substrate. That is, metal films or insulating 
films are repeatedly deposited and patterned on a mother glass substrate with a thickness of 

0.7 mm, so that counter electrodes and orientation films are sequentially formed. 
[0024] Next, a sealing material 106 made of an adhesive is applied by printing to the mother 
glass substrate, on which the array substrates 100 are formed. At this time, the sealing 
30 material is applied in a loop shape so as to surround a liquid crystal filled region that is to be 
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filled with a liquid crystal composition, 

[0025] For example, as illustrated in FIG. 3(a), the sealing materials 106 are applied to a 
mother glass substrate (a first substrate) 400M, on which the array substrates 100 are formed, 
in a loop shape such that each sealing materials 106 surrounds a liquid crystal filled region 
5 402 that corresponds to a display region of each array substrate ICQ. 

[0026] Next, as illustrated in FIG 3(b), a liquid crystal composition 500 is dropped onto the 
interior side of the liquid crystal filled region 402 surrounded by the sealing material 106. 
At this time, the quantity of the liquid crystal composition 500 dropped is greater than or 
equal to the volume of the liquid crystal filled region when the cell gap between the pair of 

10 substrates has a predetermined distance. Generally, the quantity of the liquid crystal 
composition 500 is substantially equal to the volume of the liquid crystal filled region. 
[0027] Next, as illustrated in FIG 3(c), the mother glass stibstrate 400M, on which the array 
substrates ICQ are formed, is put in a vacuum chamber, and the chamber is evacuated to be in 
a vacuum state. Then, a mother glass substrate (a second substrate) 600M, on which the 

15 counter substrates are formed, is overlaid with the mother glass substrate 400M so that their 
orientation films are positioned opposite each other and their rubbing directions make an 
angle of 90 degrees. 

|0028] Next, as illustrated in FIG. 3(d), the vacuum chamber is exposed to atmospheric air so 
that atmospheric pressure is uniformly applied to the pair of mother glass substrates 400M 

20 and 600M. Columnar spacers with a predetermined height are formed in the liquid crystal 
filled region 402 of each array substrate 100. Thus, while the cell gap between the pair of 
mother glass substrates 400M and 600M is maintained constant by the columnar spacers, the 
mother glass substrates 400M and 600M are pressed until the gap between the substrates has a 
predetermined distance. At this time, the sealing material 106 is not completely cured, and 

25 squashed with the pair of substrates pressed, until a desired cell gap is obtained. 

[0029] Next, with the cell gap between the pair of mother glass substrates 400M and 600M 
squashed to a desired level, the sealing material is selectively irradiated with ultraviolet rays. 
Then, the substrates are heated at 120 °C for one hour to cure the sealing material 106. 
Accordingly, the pair of mother glass substrates 400M and 600M is attached to each other. 

30 [0030] Next, as illustrated in FIG. 3(e), a plurality of liquid crystal display panels 10 is cut out 
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of the pair of mother glass substrates 400M and 600M. 

[0031] Finally, polarizing plates are attached to the outer surfaces of the liquid crystal display 
panel 10, that is the surface of the array substrate 100 and the surface of the counter substrate 
200. Thus, a liquid crystal display device is formed. 
5 [0032] According to the above-mentioned embodiment mode, time required for injecting a 
liquid crystal composition can be considerably reduced, and production cost can also be 
reduced. 

[0033] By the way, the sealing material 106 used in the above-mentioned manufacturing 
method is in contact with the liquid crystal composition 500 dropped before the sealing 
10 material 106 is completely cured. Therefore, the solubility of the sealing material in the 
liquid crystal composition is desirably controlled to be less than or equal to 100 ppm. This 
sealing material 106 is, for example, an ultraviolet-curing resin, and formed in the following 
manner. 

[0034] First, a methacrylated bisphenol A epoxy resin that is a component "a" of the sealing 
15 material is synthesized by a method shown in the following synthesis example. That is, 
1000 parts by weight of a high-purity bisphenol A epoxy resin: EPICLON 850S 
(manufactured by DAINIPPON INK AND CHEMICALS, INCORPORATED), 250 parts by 
weight of methacrylic acid, 900 parts by weight of toluene, 2 parts by vveiglit of trielhyiamine, 
and 2 parts by weight of para-methoxyphenol were mixed and stirred at 90 "C for eight hours. 
20 Thus, a partial addition reactant was synthesized. 

[0035] This reactant was diluted with 4500 parts by weight of toluene, and then 4500 parts by 
weight of pure water was added thereto. The reactant was then stirred at room temperature 
for one hour and left at rest, so that moisture was separated and removed. This washing 
operation was repeated five times. Then, the reactant was washed five times with an equal 
25 amount of a IN sodium hydroxide solution, followed by five times of washing with an equal 
amount of pure water. This solution was filtered and concentrated at 70 °C under reduced 
pressure, so that toluene was completely removed and the methacrylated bisphenol A epoxy 
resin was obtained. 

[0036] The other components "b" to "f of the sealing material were subjected to a similar 
30 purification process so that the components were purified to a high degree. 
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[0037] The sealing material was formed by mixing, for example, the following components 
"a" to "f ' at a predetermined composition ratio. 

[0038] The component "a": 56 parts by weight of a methacryiated bisphenol A epoxy resin 
that is obtained in the above-mentioned synthesis example, 
5 The component "b": 5 parts by weight of BPE4 (manufactured by DAI-ICHI KOGYO 
SEIYAKU CO., LTD.), 

The component "c": 4 parts by weight of ESACURE KIP-150 (manufactured by Lamberti 
spa), 

The component "d": 10 parts by weight of Amicure-VDH (manufactured by AJINOMOTO 

10 Co., Inc.), 

The component "e": 24 parts by weight of ESQUARTZ M-2010 (manufactured by Nippon 
Steel Chemical Co.,Ltd.), and 

The component "f ': 1 part by weight of KBM-403 (manufactured by Shin-Etsu Chemical Co., 
Ltd.). 

15 The above components of "a" to "f were kneaded sufficiently with a paint roller, so that a 
sealing material (A) with a viscosity of about 500,000 cP was formed. 
[0039] Next, the solubility of the sealing material (A) in a liquid crystal composition was 
measured. Here, ZLI-4792 (manufactured by Merck Ltd.) was used for the liquid crystal 

composition. 

20 [0040J i hat is. 0.5 g of the seahng material (A) and 4.5 g of the liquid crystal composition 
were put into an ampoul and hermetically sealed. The materials were left at rest at 23 °C for 
24 hours, and then a supernatant solution of the liquid crystal composition was taken out so 
that the solubility of the sealing material was measured by adding up the dissolution quantity 
of each component of the sealing material with the use of a gas chromatography analy2er 

25 (14A, manufactured by SHIMADZU CORPORATION). As a result, the solubility of the 
above-mentioned sealing material (A) in the liquid crystal composition was determined to be 
90 ppm. 

[0041] Next, a liquid crystal display device was manufactured by the above-mentioned 
manufacturing method with the use of the sealing material (A), and a test for detecting the 
30 presence of display defects was conducted. In this liquid crystal display device, no display 
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defects such as air bubbles, whitish portion, or ghosting were observed, and good display 
quality could be realized. In addition, a cell for measuring the voltage holding rate was 
formed by a similar method and the voltage holding rate was measured. It was determined 
to be as high as 90 %. 

5 [0042] (Comparative Example) A sealing material (B) with a viscosity of about 100,000 cP 
was formed in a similar manner to the sealing material described in the above embodiment 
mode except that 5 parts by weight of bisphenol A dimethacrylate was used for the component 
"b". The solubility of the sealing material (B) in the liquid crystal composition (ZLI-4792, 
manufactured by Merck Ltd.) was measured and it was determined to be 300 ppm. 
10 [0043] A liquid crystal display device was manufactured by the above-mentioned 
manui'acturing method with the use of the sealing material (B), and a test for detecting the 
presence of display defects was conducted. Then, display defects such as whitish portion 
and ghosting were observed on the display screen. In addition, the voltage holding rate was 
determined to be 89 %. 

15 [0044] Similarly, tests were conducted on various sealing materials, and display defects were 
observed in liquid crystal display devices that are formed using sealing materials whose 
solubility is more than 100 ppm, 

[0045] According to the foregoing manufacturing method of a liquid crystal display device 
and the sealing material used for such a liquid crystal display device, the sealing material 

20 before cured, which could possibly be in contact with the liquid crystal composition, is 
controlled to have a solubility of less than or equal to 100 ppm in the liquid crystal 
composition, in the one drop filling method that can reduce time for injecting a liquid crystal 
composition. Therefore, the sealing material can be prevented from dissolving in the liquid 
crystal composition and, thus, contamination of the liquid crystal composition can be 

25 prevented. Accordingly, generation of display defects can be prevented. 

[0046] Further, since the sealing material does not need to be cured before the pair of 
substrates is pressed to obtain a desired cell gap of a liquid crystal layer, the sealing materia! 
can be easily squashed when the pair of substrates is pressed, and a desired cell gap can be 
easily obtained. 

30 [0047] Accordingly, liquid crystal display devices with good display quality can be 
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mass-produced with stability. 

[0048] Note that the sealing material used in the invention may be any material as long as it 
has a solubility of less than or equal to 100 ppm in a liquid crystal composition before the 
sealing material is cured. The sealing material itself can be either a thermosetting resin or an 
5 ultraviolet-curing resin. 

[0049] In addition, the applied pattern of the sealing material does not need to be a loop shape. 
There are no limitations on the presence of an air discharge hole and a liquid crystal discharge 
hole, the presence of dummy patterns for improving the planarity of the gap, and the like. 
[0050] Further, the substrates may be overlaid with each other either under vacuum or under 

10 atmospheric pressure. 

[0051] Although the above-mentioned embodiment mode illustrates the case where the 
sealing material is applied to the mother glass substrate on which the array substrates are 
formed, the sealing material may be applied to the mother glass substrate on which the 
counter substrates are formed. Alternatively, the sealing material may be applied to each of 

15 the two substrates. 

[0052] As described above, the invention can provide a manufacturing method of a liquid 
crystal display device, which can inject a liquid crystal composition in a short time and can 
stably mass-produce liquid crystal display devices with good display quality, and to provide a 
sealing material used for such a liquid crystal display device. 

20 [Brief Description of the Drawings] 

[FIG. 1 ] FIG. 1 is a perspective view which schematically illustrates the structure of a liquid 
crystal display panel manufactured by the manufacturing method of a liquid crystal display 
device of the invention. 

[FIG 2] FIG 2 is a circuit diagram which schematically illustrates the structure of the liquid 
25 crystal display panel illustrated in FIG. 1 . 

[FIG. 3] FIGS. 3(a) to 3(e) are cross-sectional views for illustrating an exemplary 
manufacturing method of a liquid crystal display device of the invention. 

[Explanation of Reference Numerals] 
100 ... array substrate 
30 200 . . . counter substrate 
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300 ... liquid crystal composition (liquid crystal layer) 

400M . . . mother glass substrate (for array substrates) 

402 ... liquid crystal filled region 

500 . . . liquid crystal composition 

600M . . . mother glass substrate (for counter substrates) 
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